The optimal substrate, hydrogen ion, and coenzyme concentrations for Lactate Dehydrogenase and Alpha-Hydroxybutyrate Dehydrogenase have been established at the physiological temperature 37 DC, using an LKB 8600 Reaction Rate Analyzer.
The determination of LDH and ex-HBD activities is confused by the wide variety of assay procedures in the literature and by the variation in temperature at which these procedures are carried out. The International Union of Biochemistry (1965) recommended a standard temperature of 30 DC, though there has since been a marked failure to recognise or publicise this recommendation. The LKB 8600 Reaction Rate Analyser is factory set at 35 DC unless specifically requested otherwise. This indicates that at least one instrument manufacturer is anticipating a further 5DC rise in the recommended assay temperature for no more profound reason than that 30 DC represented a 5 DC rise from the previous recommendation. (International Union of Biochemistry, 1961 ). This reflects not upon the manufacturer but upon those of us working in diagnostic enzymology. Perhaps it is worth remembering that the clinician thinks in terms of patients functioning or malfunctioning around 37DC, and the arguments in favour of the adoption of this physiological temperature have been clearly stated (Bergrneyer, 1966; King, 1967) . EQUIPMENT C. 4 mmol/l NADH Dissolve 37 mg reduced ,a-nicotinamideadenine dinucleotide, disodium salt in 10 ml distilled water. D. Mix these in the proportions:-Solution A, 3 ml, Solution C, 0.1 ml.
Method
For the usual spectrophotometric assay add 100 IJ-l of serum to 3.1 ml of mixture D and after incubating to reach reaction temperature add 150 IJ-l of solution B, mix and record the change in absorbance at 340 nm.
For the LKB assay take 1 ml of solution D, add 20 IJ-I of serum, then set pump to add 50 IJ-l of solution B to initiate the reaction.
The LKB reaction concentrations are: substrate 2.5 mmol/l; coenzyme 120 IJ-mol{l.
The reaction mixture has a hydrogen ion concentration of 1.18 at 3rC.
ex-HBD Solutions
A. 6.7 mmol/l Sorensen phosphate buffer, pH 7.2 at 18°C. Prepared as for LDH. B. 321 mmol{l sodium 2-oxobutyrate (ex-ketobutyric acid, sodium salt). Dissolve 200 mg sodium 2-oxobutyrate in 5 ml distilled water. e. 7 mrnol/l NADH.
Dissolve 33 mg reduced ,a-Nicotinamideadenine dinucleotide disodium salt in 5 ml distilled water. D. Mix these in the proportions:-Solution A, 3 ml, Solution e, 0.1 ml,
Method
For the usual spectrophotometric assay add 100 IJ-l of serum to 3.1 mI of mixture D and after incubating to reach reaction temperature, add 150 IJ-l of solution B, mix and record the change in absorbance at 340 om.
For the LKB assay take 1 ml of solution D, add band 5 had appeared, probably due to some hepatic congestion. It is also worthy of note that the serum from the second day showed only 10% less activity when assayed with 2.5 mrnol/l substrate at pH 7.2.
A consistent pattern which emerged in all these experiments was that the higher the substrate concentration the higher the optimum pH.
These and other similar experiments had been carried out using coenzyme at a 120 JLmol/l concentration in the reaction mixture. Once maximal conditions had been established for each serum specimen the appropriate sera were then assayed using these conditions but with coenzyme concentrations in the reaction mixture varying from 15 JLmol/1 to 240 JLmol/I. One such experiment is illustrated in Fig. 2 . There was little difference in most experiments between 90 JLmol/1 and 120 JLmol/1 coenzyme concentration. The 120 JLmol/1 level was chosen as making some allowance for the reduction of any endogenous serum pyruvate which might be present. Using these optimal conditions the normal range of LOH in 281 apparently healthy volunteers who were not hospital patients was established and was found to be:-240-'-525 m I.U./ml (98% confidence limits) One criticism raised against increasing the standard assay temperature to 37°C has been that this may result in denaturation of the enzyme. The results
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A sample from an apparently healthy individual with a normal LOH electrophoretic pattern showed a maximal substrate concentration of 2.5 mmolfl at pH 7.0, but even at pH 7.2 this still showed greater activity than any other combination of substrate concentration and pH.
Serum from a patient on the second day following a myocardial infarction had a maximal substrate concentration of 1.25 mmol/l at pH 7.0, while serum obtained on the third day showed a maximal substrate concentration of 2.5 mmol/l at pH 7.2. Electrophoresis of these sera showed bands 1 and 2 prominent on the second day, but by the third day LDH Normal and pathological sera were assayed with substrate concentrations in the reaction mixture varying from 625 JLmol/1 to 20 mrnol/l, in phosphate buffers ranging from pH 6.0 to 8.0.
A typical result (Fig. 1) shows maximal activity with 2.5 mmol/l substrate at pH 7.4, although there is little difference between this and 1.25 mmol/l substrate at pH 7.2. On electrophoresis of this specimen all LOH bands were visualised and were markedly increased, with band 5 the most prominent. (Fig. 4) , with 210 /Lmol/l the most suitable.
obtained (Table I) , when specimens were re-assayed following thirty minutes incubation at 50°C clearly shows that raising the temperature from 25°C to 37°C does not cause denaturation. ex -HBD Sera were used with 2-oxobutyrate as substrate in a range of concentrations in the reaction mixture from 2.5 mmol/l to 20 mmol/l, The phosphate buffer range was again pH 6.0 to 8.0. In all cases a 15 mmol/l substrate concentration yielded maximum reaction velocity (Fig. 3) . The most suitable pH was 7.2, irrespective of the electrophoresis pattern showing the presence of cardiac or liver isoenzymes. Once maximal conditions had been established each specimen was then assayed with coenzyme concentrations ranging from 15 /Lmol/l to 240 /Lmolf1. A high coenzyme concentration was found to be Normal sera showed maximal activity with lower coenzyme concentrations, but there was so little difference between the activity obtained with normal sera at the different concentrations that the 210 /Lmol/l level was selected because it was more suitable for the abnormal sera and also made some allowance for the reduction of any endogenous serum pyruvate.
The normal range was established on the same 281 volunteers and was found to be:-80-440 m I. V./ml (98 %confidence limits)
The results obtained (Table 2) on specimens reassayed after incubation show no contra-indication to a standard assay temperature of 37°C. Total LDH activity in human serum represents the sum of the individual activities of the LDH isoenzymes present. Each of these human LDH isoenzymes is a discrete protein having its own maximal reaction conditions. To fulfil these conditions would demand that each serum sample be electrophoresed, the isoenzyme pattern established, and the assay conditions appropriate to this pattern then applied. Even this could be held to be inaccurate as the intensity of staining of an isoenzyme is only a crude indication of how much is present. Each isoenzyme would therefore have to be separated and the maximal conditions applied to its assay. The results would still have to be interpreted in the light of the pattern of isoenzymes even if individual isoenzyme values were available. There is little likelihood of this being feasible in the foreseeable future for a laboratory carrying a routine work load.
In the course of the experiments described earlier, the maximal conditions had been established for several isoenzyme patterns, so the results were examined to find the conditions which would be most likely to yield significant results irrespective of the isoenzyme pattern. Using pyruvate as substrate there was only slight difference between 1.25 mmol/l substrate concentration at pH 7.0 and 2.5 mmol/l substrate concentration at pH 7.2 in each case with 120 p.mol/I coenzyme concentration in the reaction mixture. However, the results just favoured a 2.5 mmol/l substrate at pH 7.2. as the optimal conditions for assay of serum LDH. At pH 7.2 and with pyruvate as substrate the serum specimen with aUbands markedly increased but with band 5 as the most prominent had a Km 1.19 x 10-' rnol/l, the normal serum had a Km 1.34 x 10-40 mol/l and serum with a cardiac configuration on electrophoresis had a Km 1.22 x 10-' mol/l, In the case of ex -HBD the same general arguments apply, although a 15 mmol/l substrate concentration at pH 7.2 with 210 p.mol/l coenzyme concentration in the reaction mixture clearly emerged as the optimal conditions. With 2-oxobutyrate as substrate at pH 7.2 the normal serum specimen had a Km of 1.67 x 10-3 , the specimen with band 5 most prominent had a Km of 1.66 x 10-3 , and the serum with the cardiac isoenzyme pattern had a Km of 1.64 x 10-3 • The surprising similarity of the Km values obtained in this study, irrespective of the type of serum isoenzyme pattern present, suggests that 2-oxobutyrate at 37"C is no more specific than pyruvate for lactate dehydrogenase isoenzymes 1 and 2. Earlier work (Rosalki and Wilkinson, 1960) carried out between 21°C and 28 cC suggested that 2oxobutyratehasa greater affinity than pyruvate for the faster moving lactate dehydrogenase iso-enzymes.
Twenty serum samples, the lactate dehydrogenase activity of which had been routinely assayed at 37°C using the method of Wroblewski and LaDue (1955) , optimal at 25 cC, were re-assayed on the same day using the optimal conditions recommended earlier.
There was a mean increase of activity of 50 %under these new conditions.
The same procedure was carried out to compare the levels of activity of ex-hydroxybutyric dehydrogenase. The original assay was carried out at 37 cC with a Biochemica test combination. The optimal conditions recommended in this paper yielded a mean increase of activity of 260 %.
This increase in activity has made it possible to decrease the reaction time on the LKB8600 for these assays to 30 seconds.
2-oxobutyrate was obtained from several com-panies during this investigation (Calbiochem, Schwarz-Mann, Sigma, Nutritional biochemicals). The 2-oxobutyrate supplied by the first two named companies was hygroscopic and therefore difficult to weigh with great accuracy, whereas the last two companies supplied the substrate as a crystalline solid which could more readily be weighed accurately. All the substrates were used in the same concentrations in the reaction mixture and under the same pH conditions. It was found that the substrate supplied by the Nutritional Biochemicals Corporation gave approximately half the activity obtained with the other products. Why this product should be different from the others is not known, but at present it would seem reasonable to presume that there is some inhibitor present.
